The theme of the present review is that dietary risk factors for physical (ill) health are also often risk factors for mental (ill) health. Perhaps the most obvious example of this relationship is the effects of chronic undernutrition in early or later life. Other examples are the effects of Fe deficiency, and the possible role played by various dietary constituents in influencing vulnerability to depression and cognitive decline. It is these latter aspects of psychological well-being that will be considered. In the case of cognitive decline an important and rather direct link with physical well-being is the impact of diet on vascular health. Cognitive impairment is a major cause of disability in old age, and depression is also a very significant contributor to human ill health. Indeed, it has been predicted that by 2020 depression will rank second as a contributor to the global burden of disease, measured in terms of 'disability-adjusted life years' (Murray & Lopez, 1996) . Other predictions are that IHD and cerebrovascular disease will rank one and four respectively. Clearly prediction from this theory is that meals high in protein will increase alertness. A second prediction is that carbohydraterich snacks and meals will, fairly acutely, relieve depressed mood, especially exemplified in 'carbohydrate-craving obesity', premenstrual syndrome and seasonal affective disorder, conditions which it is argued are characterised by depressed mood and a craving for and increased intake of high-carbohydrate foods (Wurtman & Wurtman, 1989) . This prediction has led to the suggestion that the increased carbohydrate intake constitutes self-medication to relieve the depression. Although there is some evidence to support these claims, other results suggest that the variations in protein and carbohydrate intake achieved by eating real foods are insufficient to significantly affect brain serotonergic function (for example, see Teff et al. 1989a,b) , and a majority of the relevant studies show that even very large differences in carbohydrate and protein intake fail to produce reliable behavioural effects (Spring et al. 1987; Rogers, 1995) .
Cholesterol and cholesterol-lowering treatments
The possibility of an unexpected relationship between cholesterol and psychological well-being was highlighted by the meta-analysis by Muldoon et al. (1990) of drug and diet cholesterol-lowering trials, which indicated that lowering cholesterol increased 'non-illness' mortality. That is, while mortality from CHD tended to be decreased in men receiving interventions to reduce serum cholesterol, there was a significant increase in deaths from accidents, suicide or violence. Not surprisingly, the publication of this paper stimulated much interest and further work.
Subsequent analyses of intervention trials and cohort studies, however, only partly confirmed the existence of these adverse effects of low serum cholesterol (for reviews see Muldoon et al. 1993; Hibbeln & Salem 1995; Wardle, 1995; Hibbeln, 1999) . For example, there tends to be a 'J'-shaped relationship between all-cause mortality and cholesterol, but the contention that low-cholesterol groups suffer higher rates of suicide and accidental death, and are more depressed, aggressive and hostile was not generally supported. Also, the well-established positive association between CHD and both depression and type A behaviour pattern (of which hostility is an important component) is difficult to reconcile with low or lowered cholesterol being a risk factor for suicide and violent behaviour (Wardle, 1995) . Nevertheless, in a small study (Ploeckinger et al. 1996) postpartum depression scores were found to be worse in women showing the largest decreases in serum cholesterol after delivery. Furthermore, in intervention studies dietary manipulation of serum cholesterol in cynomolgus monkeys was found to significantly affect their social behaviour; low cholesterol being associated with more-aggressive lessaffiliative behaviour, and also lower cerebrospinal fluid concentrations of 5-hydroxyindoleacetic acid, a metabolite of serotonin (Kaplan et al. 1991 (Kaplan et al. , 1994 .
The latter observations provide support for the most popular account of how serum cholesterol could affect mood and behaviour, and in turn increase an individual's vulnerability to suicide, and violent and accidental death. It has been proposed that lowered cholesterol levels cause changes in cell membrane composition and fluidity, among the effects of which are decreased brain serotonergic neurotransmission (for example, see Engelberg, 1992; Kaplan et al. 1994) . However, this suggested link between cholesterol, serotonin and behaviour remains largely speculative. In the case of the study by Ploeckinger et al. (1996) the rate of turnover of cholesterol in cellular membranes is too slow to explain the relationship between sudden changes in serum cholesterol and mood. Indeed, taking into account recent results from new randomised controlled trials, the balance of evidence on the behavioural consequences of low cholesterol and cholesterol lowering in human subjects is reassuring. Although these trials found some significant changes in cognitive performance (see p. 140), there were no adverse effects of cholesterollowering dietary and drug treatments on mood, including depression, anger and anxiety (Wardle et al. , 2000 Polet et al. 1998; Muldoon et al. 2000) .
Long-chain polyunsaturated fatty acids
Phospholipids and cholesterol are major components of cellular membranes. As indicated earlier, the fatty acid composition of these lipids affects membrane function due to alterations in membrane fluidity and interactions with membrane proteins, and is susceptible to dietary influences. In brain cellular membranes the most abundant fatty acids are arachidonic acid (20:4n-6), adrenic acid (22:4n-6) and docosahexaenoic acid (22:6n-3; DHA), with particularly high concentrations occurring in the membranes of neuronal synapses and the retina (Linder, 1991; British Nutrition Foundation, 1992; Litman & Mitchell, 1996) . Accordingly, long-chain polyunsaturated fatty acids (LCPUFA) intakes may affect mood and behaviour by fairly direct effects on neural function. Such a mechanism has been suggested in relation to observations ranging from associations between diet and depression (as discussed here) and between breastfeeding and infant mental and psychomotor development.
Hibbeln and his colleagues (Hibbeln & Salem, 1995; Hibbeln et al. 1997; Hibbeln, 1999) have proposed that a deficiency of n-3 LCPUFA is an important factor underlying increased vulnerability to depression, and hostile and aggressive behaviour. In part, this hypothesis is based on the broad observations that there appear to be lower rates of depression in societies where n-3 LCPUFA intakes are high, and that there has been a marked rise in lifetime prevalence of depression in North America and many European countries over the last 100 years concomitant with an increase in the proportion of n-6 LCPUFA relative to n-3 LCPUFA consumed in the diet. The latter is due largely to the currently high intake of vegetable oils (e.g. safflower, sunflower and maize oils) and low intake of fish oils. Furthermore, from an evolutionary perspective this high n-6 LCPUFA : n-3 LCPUFA value probably represents a very substantial change from the values in the diets of early man (even assuming minimal intake of fish). A further important argument is that adverse psychological changes associated with some cholesterol-lowering dietary and drug treatments are due to effects on intakes and tissue concentrations of LCPUFA, and not to a reduction of cholesterol levels. This outcome is because, for example, cholesterol-lowering diets that emphasise substitution of LCPUFA for saturated fatty acids usually also markedly alter the n-6 LCPUFA : n-3 LCPUFA consumed. More specific evidence for a relationship between mood and LCPUFA status comes from clinical studies. Adams et al. (1996) , for instance, found significant correlations (P < 0·05 -P < 0·01) between the severity of depression in moderately-to severely-depressed patients and blood measures of phospholipid fatty acid composition, all indicating worse depression in patients with a higher n-6 LCPUFA : n-3 LCPUFA (e.g. higher arachidonic acid : eicosapentaenoic acid (20:5n-3)). Furthermore, other studies have revealed significant differences (P < 0·05 -P = 0·004) in serum or erythrocyte fatty acid composition between depressed patients and age-matched control participants. These differences consisted mainly of lower n-3 LCPUFA concentrations in samples from the depressed patients (Maes et al. 1996; Edwards et al. 1998; Peet et al. 1998) .
There are also a small number of relevant intervention studies. Hamazaki et al. (1996) found that double-blind supplementation with DHA-rich fish oil for 3 months reduced verbal aggression and scores on a questionnaire measure of hostility in stressed participants. These participants were assumed to be stressed because they were tested during their university examinations period. No psychological effects of DHA supplementation were found in a replication of this study conducted at a time when no important examinations were scheduled (Hamazaki et al. 1998) . A clinical intervention study showed that bipolar depressives benefited significantly, as measured by longer remission of their illness, from supplementation with large amounts (total of 9·6 g/d) of eicosapentaenoic acid and DHA over 4 months (Stoll et al. 1999) . And finally, although a recent dietary trial (Polet et al. 1998; Wardle et al. 2000) found no adverse effects on mood related to cholesterol lowering (see earlier discussion), there was evidence consistent with an effect of LCPUFA intakes on mood. The participants were moderately hypercholesterolaemic, but were not clinically depressed, and sub-groups of these participants completed mood diaries before and at 2, 6 and 12 weeks after starting their dietary treatment. Compared with the 'dysphoric/tense' mood scores of a waiting-list control group, scores on the same mood factor were increased following the introduction of a low-fat relatively-high-n-6 LCPUFA diet, but decreased on a 'Mediterranean diet' that included the instruction to increase consumption of oily fish (these two dietary treatments reduced serum LDL-cholesterol to a similar extent) (Polet et al. 1998) . Taken together, these results from both correlational and intervention studies provide preliminary support for the proposal that n-3 LCPUFA can have significant effects on mood. However, confirmation of the benefits for psychological well-being of increasing n-3 LCPUFA intakes requires substantial further research, especially larger-scale intervention studies.
One of the suggested mechanisms underlying a link between LCPUFA intakes and depression, hostility etc. is again an alteration of brain serotonergic function (Hibbeln et al. 1997; Hibbeln, 1999) . Some support for this mechanism comes from a study of forty-five healthy individuals that found highly-significant positive correlations (P < 0·005) between plasma total LCPUFA and cerebrospinal fluid concentrations of the serotonin metabolite 5-hydroxyindoleacetic acid and also the dopamine metabolite homovanillic acid (Hibbeln et al. 1997) . However, although levels of these neurotransmitter metabolites were not significantly correlated with serum total cholesterol, their relationship with the supposedly critical n-6 LCPUFA : n-3 LCPUFA value was not reported. In further studies plasma DHA concentrations were found to be negatively correlated (P < 0·005) with cerebrospinal fluid 5-hydroxyindoleacetic acid and homovanillic acid concentrations in a group of early-onset alcoholics and a group of violent individuals, but in healthy controls the same variables were positively correlated (P < 0·005; Hibbeln et al. 1998a,b) . These results are difficult to interpret, especially without information on LCPUFA intakes, but clearly they provide at best equivocal support for an effect of LCPUFA on neurotransmitter function. Thus, other mechanisms, such as immuneneuroendocrine effects, might better explain any impact of n-3 LCPUFA on mood (Hibbeln, 1999) .
Folate
Young (1993) reviews evidence showing an association between low folate and depression, which he proposes may be in part mediated by alterations in brain S-adenosylmethionine and serotonin levels. S-Adenosylmethionine has an antidepressant action and has been shown to increase brain serotonin turnover (and it can also affect membrane fluidity and receptor sensitivity); crucially folate can affect levels of methionine (see p. 139), the immediate precursor of S-adenosylmethionine. In addition, there is some tentative support from placebo-controlled trials for a therapeutic benefit of folate in the treatment of depression (for example, see Godfrey et al. 1990 ; for review, see Alpert & Fava, 1997) .
Depression is also linked to cerebrovascular disease (Rao, 2000) . Partly, this co-morbidity is explained by damage to frontal and subcortical brain areas following cerebral ischaemia. In turn, diet potentially plays a very significant role in the aetiology of cerebrovascular disease, and this role and its implications for cognitive function will now be discussed.
Diet and cognitive decline

Atherosclerosis, type 2 diabetes, hypertension and obesity
An important link between diet and cognitive decline in older age is suggested by the association of cognitive impairment with atherosclerosis, type 2 diabetes and hypertension. The aetiologies of these disease states are complex and partly overlapping, but dietary factors are involved to at least a significant extent. Thus, before reviewing some of the specific evidence suggesting an impact of diet on cognitive function in the elderly, it is worth noting why atherosclerosis, type 2 diabetes and hypertension increase the risk of cognitive impairment.
Of major importance is the greater risk of cerebral ischaemia and stroke associated with atherosclerosis and thrombosis (for example, see Gale et al. 1996) . Recent data also show a significant correlation between atherosclerosis and an increased risk of Alzheimer's disease (as well as an increased risk of vascular dementia; Hofman et al. 1997) . There is, furthermore, a well-established link between the prevalence of dementia and the presence of one or more E4 alleles of the apolipoprotein E gene (Rubinsztein, 1995; Hofman et al. 1997 ; also, see Bondi et al. 1995) . The apolipoprotein E gene produces apolipoprotein E which is involved in, among other things, transport of cholesterol in the blood and neuronal repair (Rubinsztein, 1995) . An implication of this finding that there is an association between the apolipoprotein E4 genotype and dementia is that potentially protective interventions, including dietary intervention, could be targeted for high-risk groups (see Dixon et al. 1997) .
Among the mechanisms that Stewart & Liolitsa (1999) identified as possibly contributing to an association between type 2 diabetes and cognitive impairment and dementia are atherosclerosis, hypo-and hyperglycaemia, and effects on acetylcholine neurotransmitter function. Kalmijn et al. (1995) came to similar conclusions regarding results from the Zutphen Elderly Study. Importantly, their analyses showed evidence of cognitive impairment associated with impaired glucose intolerance and hyperinsulinaemia in nondiabetic participants, as well as an association between cognitive impairment and the presence of type 2 diabetes.
In relation to hypertension, there is evidence that elevated blood pressure in mid-life is associated with an increased risk of dementia 15-20 years later (Stewart, 1999) . Current cognitive impairment in the elderly tends to be associated with low blood pressure. Stewart (1999) concludes that 'Arteriosclerotic pathology can be assumed to be an important mediating factor in the association between hypertension and dementia'. The evidence on hypertension and later dementia is therefore sufficiently strong to indicate potentially significant benefits of preventative intervention, although dietary interventions (reduction of NaCl intake) might be relatively ineffective compared with drug treatments. Given the apparent time lag in the impact of hypertension, presumably such treatment would need to be started in middle age to be effective. Anti-hypertensive medication administered to elderly patients was found not to benefit cognitive function (Prince et al. 1996) . Finally, it is of course the case that type 2 diabetes, insulin resistance and hyperinsulinaemia, dyslipdaemia, atherosclerosis, hypertension and stroke are all complications of obesity (Shaper et al. 1997; Dhurandhar & Atkinson, 1999) . Consequently, avoidance of obesity, as well as having widespread benefits for physical health, can be expected to reduce the risk of cognitive decline in later life. Sleep disturbance due to nocturnal apnoeic episodes associated with obesity may also be a more immediate cause of poorer cognitive performance (Prinz, 1995) .
Long-chain polyunsaturated fatty acids
There is a considerable body of evidence linking the relative intakes of n-6 and n-3 LCPUFA and/or intakes of n-3 LCPUFA (especially eicosapentaenoic acid and DHA) with CHD. Among the proposed mechanisms underlying the protective effect of higher intakes of n-3 LCPUFA are effects on thrombosis, postprandial triacylglycerol levels, inflammatory responses, blood pressure and insulin sensitivity (Kinsella et al. 1990; British Nutrition Foundation, 1999) . Accordingly, LCPUFA intakes can also be expected to have an impact on cognitive function, especially in relation to cognitive impairment and cognitive decline in older age. Some support for this proposal comes from data from two longitudinal studies of risk factors for chronic diseases carried out in The Netherlands. The Zutphen Elderly Study revealed a association between cognitive impairment (defined as mini-mental state examination (MMSE) score ≤ 25; Folstein et al. 1975 ) and higher linoleic acid (18:2n-6) intake (Kalmijn et al. 1997a ). This result remained significant (P = 0·04) after adjustment for several confounding factors, including age, education and smoking. Estimates of intakes of n-3 polyunsaturated fatty acids were not significantly related to cognitive function, although high fish consumption tended to be inversely associated (P = 0·09) with cognitive impairment and cognitive decline over a 3-year period. Kalmijn et al. (1997a) specifically interpreted their results as supporting a role for diet in the development of cognitive impairment through its impact on vascular disease, the result for linoleic acid being consistent with the view that the relative intake of n-6 and n-3 polyunsaturated fatty acid is a significant dietary factor in the development of atherosclerosis and thrombosis (Kinsella et al. 1990 ). These findings were confirmed, at least in part, by data from the much larger Rotterdam Study, that showed an inverse relationship between fish consumption and risk of dementia (P = 0·03), and particularly Alzheimer's disease (P < 0·005; Kalmijn et al. 1997b) . Also, it is worth noting that these studies possibly underestimate any impact of fatty acids, because of the difficulty of accurately measuring fatty acid intakes.
Antioxidant vitamins
Many authors have proposed that cognitive impairment might be prevented or significantly delayed by increased intake of antioxidants in the diet, such as vitamins C and E and β-carotene (for example, see Kalmijn et al. 1997a; Lethem & Orrell, 1997) . This view is based on various lines of evidence. For example, biochemical and physiological studies implicate oxidative damage to the central nervous system microvasculature in the aetiology of neurodegenerative diseases, including Alzheimer's disease (Richardson, 1993; Thomas et al. 1996) , and oxidative modification of LDL is thought to be a critical component of the atherosclerotic process (Witztum, 1994; Frei et al. 1996) . In addition, vitamin E could be expected to influence the development of atherosclerosis via effects on immune function (Meydani, 1998) .
More directly, epidemiological and correlational studies have demonstrated significant relationships between cognitive function in the elderly and antioxidant nutrient intake or status. Gale et al. (1996) , for example, reported an association between cognitive impairment and a low vitamin C intake and a low plasma ascorbic acid level, and also between cognitive impairment and increased risk from ischaemic stroke. These authors concluded that vitamin C status may influence cognitive function in elderly people through an effect on atherogenesis. Another study of elderly people (Ortega et al. 1997) found significant relationships (P < 0·05) between cognitive function, measured using the MMSE, and about ten dietary intake variables. Included among these variables were intakes of vitamin C, β-carotene, folate and Fe (positive associations), and intakes of monounsaturated fatty acids, saturated fatty acids and cholesterol (negative associations) (also, see La Rue et al. 1997) . On the other hand, Kalmijn et al. (1997a) found no significant relationships between intakes of the potential antioxidants vitamins C and E, β-carotene and various flavonoids, and either cognitive impairment or cognitive decline in elderly men, again assessed using the MMSE. Similar results were obtained from the Rotterdam Study, except for a significant association (P = 0·04) between impaired cognitive function (MMSE ≤ 25) and lower intake of β-carotene (Jama et al. 1996) .
Other studies have investigated cognitive function and vitamin status. The Survey in Europe of Nutrition and the Elderly, a Concerted Action (SENECA), for example, found significant, though weak, correlations between MMSE scores and plasma levels of carotenoids (P < 0·01) and vitamin E (P < 0·001; Haller et al. 1996) . Another study also found that low plasma total carotenoid levels were associated with poor cognitive performance (Berr et al. 1998) . However, in a large multi-ethnic sample of elderly Americans poor memory performance was found to be significantly related (P = 0·025) only to serum levels of vitamin E, and not to levels of vitamins A and C, and Se and β-carotene (Perkins et al. 1999) . These results were obtained after statistical adjustment for confounding factors in the latter studies (Berr et al. 1998; Perkins et al. 1999) , but this procedure was not done in the analysis of the SENECA data of Haller et al. 1996 (also, see Perrig et al. 1997 Schmidt et al. 1998) .
This somewhat equivocal support for a beneficial impact of dietary antioxidant intakes in relation to cognitive function has not been greatly added to by two recent intervention studies. Smith et al. (1999 Smith et al. ( , 2000 conducted a 12-month randomised double-blind placebo-controlled study of antioxidant vitamin supplementation (vitamins C and E and β-carotene) in the elderly (60-80 years). No significant effects of supplementation on mood or cognitive function were observed. Significant positive relationships (P < 0·05-P < 0·01) were found for changes in plasma ascorbic acid level and changes in mood, and changes on some measures of cognitive function (cognitive failures questionnaire and new adult reading test); however, this outcome occurred mainly for participants showing low mood and cognitive function scores at baseline, and it was independent of which group they were assigned to (placebo or vitamin supplementation). Also no such relationship was observed for computerised measures of cognitive performance. The latter were mostly tests of fluid abilities (in contrast to the new adult reading test), which can be expected to be most responsive to nutritional effects. On the other hand, Sano et al. (1997) reported that vitamin E supplementation significantly slowed progression of Alzheimer's disease (also, see Morris et al. 1998) . This result has attracted considerable attention, and further trials have been started, although the relevance of the result to normal nutrition is unclear, since a very high dose of vitamin E was used (over 100 times the US recommended dietary allowance). Furthermore, the outcome depended on adjustment for pre-supplementation MMSE scores, which differed significantly between the supplemented and placebo groups. , vitamin B 6 and vitamin B 12 An elevated plasma level of homocysteine is an independent risk factor for atherosclerosis in the coronary, cerebral and peripheral arteries (Ueland & Refsum, 1989; Homocysteine Lowering Trialists' Collaboration, 1998) , and therefore provides another potential mechanism underlying the association between atherosclerosis and cognitive impairment. Homocysteine is a metabolite of methionine, and vitamins B 6 and B 12 and folate are cofactors for enzymes, such as cystathionine β-synthase, which use homocysteine as a substrate (Linder, 1991) . Vitamin B 6 is a cofactor for cystathionine β-synthase which catalyses the formation of cystathionine from homocysteine and serine, whereas vitamin B 12 and folate are involved in the recycling of homocysteine back to methionine. Absence or deficiency of cystathionine β-synthase leads to the excretion of large amounts of homocystine, the dimer of homocysteine, in the urine. Untreated, this condition (homocystinuria) results in severe vascular disease, growth and developmental abnormalities, and early death. Heterozygous cystathionine β-synthase deficiency occurs in 0·3-1 % of the general population, and is also associated with markedly increased risk of vascular disease (Ueland & Refsum, 1989; Clarke et al. 1991) . Among several other factors contributing to elevated plasma homocysteine are relative deficiencies of vitamins B 6 and B 12 and folate, especially in combination with a high-protein diet (Linder, 1991) . Furthermore, high homocysteine levels and, for example, vitamin B 12 deficiency, are relatively common in the elderly population (Stabler et al. 1997) .
Folate
In a group of middle-aged to elderly men, higher plasma concentrations of vitamin B 12 (P = 0·04) and folate (P = 0·003), and lower plasma concentrations of homocysteine (P < 0·001) were found to be associated with better spatial copying skills, whereas performance on two tests of memory (backward digit span and incidental recall) was positively correlated (P < 0·05) with vitamin B 6 plasma concentration (Riggs et al. 1996) . Ortega et al. (1997) also found a positive association between cognitive function and folate intake, but not with intakes of vitamins B 6 and B 12 . The SENECA study (Haller et al. 1996) found significant (P < 0·01) but weak correlations between plasma folate and plasma vitamin B 12 level and better cognitive function. Some similar findings were also reported in earlier studies (for review, see Rosenberg & Miller, 1992) . In the general population vitamin supplementation can substantially reduce plasma homocysteine levels. For example, a metaanalysis of randomised trials revealed significant effects of folate supplementation with an additional effect of vitamin B 12 , but not of vitamin B 6 . It was concluded that these results have important implications for lowering the risk of vascular disease (Homocysteine Lowering Trialists' Collaboration, 1998), and therefore possibly for cognitive function and the amelioration of cognitive decline.
In addition to the mechanisms described earlier, other mechanisms linking vitamin status, homocysteine levels and cognitive function (and mood) have been suggested. For example, homocysteine is a precursor of the excitotoxic amino acids cysteine and homocysteic acid, and therefore could contribute to neurodegeneration independently of atherosclerosis. This possible mechanism is consistent with the conclusion of Riggs et al. (1996) that the association involving homocysteine and cognitive function in their study appeared not to be explained by the presence of vascular disease. Similarly, in a group of depressed elderly subjects, homocysteine levels were found to be higher in those with vascular disease, but homocysteine only correlated significantly (P = 0·03) with poorer cognitive function in individuals without vascular disease (Bell et al. 1992) . Plasma homocysteine levels were not significantly related to cognitive impairment or cognitive decline in the Rotterdam Study (Kalmijn et al. 1999) .
Cholesterol and cholesterol lowering
At least two correlational studies have reported significant relationships between cognitive performance and cholesterol levels. Taken together, the results suggested worse performance on tasks demanding a high rate of information processing, but better performance on tests of 'crystallized' intelligence, at lower cholesterol levels (Benton, 1995; Muldoon et al. 1997) . Such a relationship with information processing speed could conceivably contribute to higher accident rates among low-cholesterol groups. However, although some possible confounding factors were controlled for (age and level of education) in one of these studies (Muldoon et al. 1997) , it is of course possible that a crucial factor escaped notice. Dieting to lose weight, for example, reduces serum cholesterol (for example, see Golay et al. 1996; Lean et al. 1997) and is associated with impaired cognitive function, but the poorer performance (on speed of information processing tasks) appears not to be due to the nutritional consequences of food restriction (Green & Rogers, 1995) . On the other hand, significant adverse effects on cognitive performance of cholesterol lowering have recently been reported from two intervention studies. These studies are complementary in that one study used a dietary treatment (Wardle et al. 2000) and the other study used a drug treatment (Muldoon et al. 2000) in order to achieve cholesterol lowering. Both studies showed that the cholesterol-lowering treatments retarded improvement of performance with repeated testing on the tasks.
At first sight these observations appear to contradict the predicted relationship between impaired cognitive function and atherosclerosis risk factors (which include raised serum LDL-cholesterol level). However, these studies (Benton, 1995; Muldoon et al. 1997 Muldoon et al. , 2000 Wardle et al. 2000) investigated generally healthy, mostly young to middle-aged subjects, for whom vascular disease, for example, was probably a relatively insignificant current factor affecting their performance. For older individuals there is evidence that cholesterol is indeed positively related to cognitive impairment. For instance, elevated levels of LDLcholesterol were found to markedly increase the risk of dementia with stroke, but not Alzheimer's disease, in elderly participants (mean age 75 years; Moroney et al. 1999) . Furthermore, in the Rotterdam Study there were significant associations between risk of vascular dementia and total fat (P = 0·02) and saturated fat (P = 0·01) intakes (Kalmijn et al. 1997b) .
Conclusions
Taken together, the findings reviewed here suggest that certain dietary components can influence risk of depression, and risk of cognitive impairment and cognitive decline. Evidence for the latter is somewhat more compelling, and points strongly to the involvement of cerebrovascular disease and associations with atherosclerosis, type 2 diabetes and hypertension. Nevertheless, almost all this evidence comes from correlational studies. Most of these studies are of high quality, have large data sets, and many make adjustments for potential confounding factors such as age, education and smoking (and sometimes for factors such as history of heart disease, which is less appropriate given the important contribution of vascular disease to both heart disease and cognitive impairment), but they need to be complemented by substantial intervention studies. Separating cause and effect is crucial because, as well as being partly interrelated themselves, depression and poor cognitive function are very likely to be significant factors contributing to the consumption of a poor diet. An efficient approach to this problem could be to include assessments of mood and cognitive function as outcome measures in studies designed primarily to investigate the impact of dietary interventions on markers of physical health. Such studies will, however, need to be long term (several years) if the expected benefit is a slowing of cognitive decline, rather than an improvement in absolute levels of performance.
